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A bstract
Airbo m e spectro r adio m et rdata ofaridland v egetatio n wa s a cquiredofthre e site sin the
we st･3 m U S A. Thedata w er e u s edtoge n e rate valu e sforaderiv ativegre e nv egeta土io n
inde x(D G VI)which m e as ur e sthe amplitude of the chlorophyllrededge featu r e･ D G VI
valu e s wer efo undtobehighlycorrela;tedto me a su r es Ofperce ntc o v er, Leaf Are aInde x
(LA I)anda m uale v apotran spiration(E T)･ The r c sdtsindicate thathighspe ctral
re s olutio ns atellite r e mote s e n sl ng wil be very u s efu lfo r m o nitoring旬nd cha r acterizing
aridland v egetatio n.
1. Intr oductio n
vegetatio nindic es a rem athem a土icaltransfo rm sde sign edto as s e ssthe spectral
c o ntribution ofvegetatio nto m ultispe ctralobse rv atio n s･ The m ostwi dely u sedgr ee n
vegetatio nin dic es a r efo rmedwi th data fro mdis cr ete red andne arinlfa redP R)bands･
The s e vegetatio nin dic es operatebyc o ntra stinghte n se chlorophyl pigm erltabs orptio n s
inthe red again st thehighreflecti vityofplant n ate rials in the N m, The value ofred
versliSN Rv egetatio nindic e slie sinthepote ntialus eof the vegetatio nin dex valu e sto
e stim ate v egetation pa r amete rs s uch aspe rc eⅡtco v er,tra n spiration r ate, and Leaf Ar e a
Index.
Ithasbee nobs e rv edthatvariationsinthe spe ctralprope rtie s of ba ckgro undro ck
ands oilm ate rials c a nhave adv e rse af3e cts o n v egtatio nindic e s, especiallya土1o wle vels
ofv egetatio nc ov er･ The r e ar ethre e m ainty pes ofrock
-s oilaffects o n v egetatio nin dic es･
listed he re intheirge n er alorder ofpr omine n c e:1)Albedo A ffe ct:Thebrighhe s s ofthe
ba ckgr ound m ate rials c anhave apro nounc ed impacto nthe v egetatio nin dex v alues
l l-
deriv edu singr atioba s ed fo rmula s(Hu ete et all , 1985;Elvidge and Lyo n, 1985), with
b rightba ckgr ot 皿dspr oducinglo wer vegetation inde xvalu e s anddarkba ckgr ounds
producinghigher vegetatio ninde xvalu e s. The albedo affecton gr e en veg8tatio nindice s
c anbede m o n stratedthr o ughsimplelinear mixing ofpurev egetation andr o ck-s oil
spe ctraO=1vidge a ndLyo n, 1 985). 2)Red- N R Slope AfFe9t: Variatio n sin the slope
丘o m redtoN R refle ctanc cin backgro und m aterials(r ock, s oil,litter)c a nproduce
v a riatio nsin v egetatio nindex v alu es(EIvidge and Lyon, 1985). M o stbackgro u nd
m ate rialsha ve slightlyhigher renectan c ein N Rw avelengthstha nin the redr egion . This
produ ce sa positiv e slope fro m redtoN R. Ho we v er, the re a rec on siderable va riatio ns in
this redto NR slopefordiffe r e ntbackgrou nd m aterials. And3)Non - Line a rM ixing
A ffe ct N tR light tr ansmitted thr o ughplantcan opie scanbe eitherabs orbed or reflected
bysubstrate m aterials. Forplant canopie swithb rightba ckgr o u ndsther e c a nbe a
m eas u rable e血 a nc em erltOf theN R lightrefkctingfio m apla ntc a nopy withabright
ba ckgr o undr elativeto adarkba ckgr o und(Euete etal., 1985), creatinga n o n-linear
spectr al mixhg situatio n(Roberts etal一 1993)･ Thisthirdaffe cta ctsin apop po site sen s e
to theflrStaffe ct
,
r aisingv egeta土ion index valu es slightlyforplant c a n ople Swi th b right
ba ckgrounds.
In a nalyzingthethr e e adv e rs e eff cts ofba ckgrotmd variatio ns o n v egetatio n
indic es, w ehav ehypothe siz ed that agree n vegetatio nin dexderived丘o m aco ntinuo u s
s et ofn arr o wbands a cr o s sthe chlo r ophyllred edgefeatt汀e, w ould be c apable ofreducing
theBr sttw olistedadve rseba ckgro und effe cts(al bedo andr edtoN Rslope)o n
v egetationinde xpe rfo rm a n c e. Itis know nthatthe albedo affectis in duc edbyba nd
ratioing･ By m 血 1gdire ct m ea s ure m cnts of the amplitude ofthe chlo r ophyllrededge
wi tho utthe u s e of bandr atio s
,
thebackgro undalbedo affe ctc a nbe eliminated. T he red
toN Rslope affe ctsho uldbe minimized byre strictingthe r edtoN Rw av elengthr ange
tothe chlo.rophyllrededge a nd theim m ediatelyadjac e ntbands.
Sttldie sbyElvi dge etal.(19 3)rev ealedthatthepre s en ce oftracequ a ntitie s of
gree n v egetatio n(一5 %gr e e n c o v er)c anbedete cted inhighspe ctralr e s olution data 丘o m
N A SA■sA irborne V isible-ⅠIl丘ared lmagingSpe ctro m et r(A V R IS). The se re s ults w e re
bas edo ntheper siten ce ofthe chlorophyllred edgefe atu re, 丘o m0,7to 0.75u m, atlow
le v els ofgree nv egetatio n c o v er. E ow e v e r,the s ere s ults w e r eobtainedusingtre eco v er ed
plots withrelatively mi fo r m soil ba ckgr o u nd. EIvidge a nd Che n(1995)dev elopeda
highspectralre s olution gre e n v egetatio ninde x, u sing血st to m e a st u.ethe amplitude of
the chlor ophyllred edgePTigu re1). Elvidge and Che n s ucc e ssfu llyde m on str ated the
superiorityof the n arr o wbandvegetatio nindex bya nalyzingrefle ctan c espectr a ofa
plarlt C an OPywitha v arietyofr o ck- s oilbackgr o unds. Bys u ce ssivelyre m o vingle af
m ateri alEIvidge andChe n(19 95)de mo nstr atedthatthedetectio nli mitsfo rgr e e n
vegetatio n wi th hig spectralre s olution obs e rv atio nsis in the range of3-5% gr ee n
vegetation co v er. TI
･
adit ollalvegetatio nin dice sha v edifficultyc o n丑rmingthepr e s e n c e
ofv egetation withle s than10-20 %gre e ncov e r.
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h th ispaper w cpre s entresults obtain ed丘o m airbo me spectrain dicating也 e
pote血ialu se of high spectralresolutio n obs e rvatio nsforthe e stim atio n a ndte mpo ral■
tr a cking ofgre e n c o v e r, v apotran spir atio n, a ndleafa reainde xin aride HVir o n m e ∬【s.
2. M ethods
H ighspectralr e s olutio n r eflect ance spe ctr aw ere acquir ed ov e r.aridlandsite s
u sing an Analytical Spe ctral Device ら
- Perso n al Spectro m et r(P S-2). Thisin str u m e nt
acquire s spectrain the O14tol･0 um region with 4n mbandpa ss e s(full wi dth half
m a xim a)with 1.4 n m s a mplinginte rval. T heinstr um enthead n o u nted in thebotto m of
the air c raft fus elage and w a s oper &ted 丘o min side the co ckpit. T heinstrtm e n土calibrated
to r e c ordrefle ct anc e spe ctrabya cqulrlng m e a S u re m erEtS Ofa white c alibr atio npa nelpri or
to take off, Allspe ctr aw e re co 皿pleted wi thin20-30 min utes oftakeoffu nder clearsky
c onditio ns. Airbo m e spe ctra w ere acquir ed丘o m an altitude ofappro xim a･tely60m ete rs
abovethegro unds urfa c e. Atthis altitudetheReldof view of the sen s o r w as - 27m ete rs
india meter.
Spectra w ere acquired atflV eSite sin the Go shute Valley,Ne v ada;ele ven sitesin
the Ow e n sValey, Califo mia; andeightsite salo ngtheColo radoRiv e r s outhofBlythe,
Califomia. Fro mthr e eto丘v espe ctr a w e re a cquir edate a chsite. Figu r e2 sho w sthe
thr ee studysites o n a m ap o utline ofthe we stem U SA･
The sitesflo wn w er c s electdba s edo nthe a vailabilityofgr o undtr uth data o nthe
v egetatio n or r ates ofevapotr an spir atio n. The sitesin the Goshute V all
ley andBlythe
e a chhad an Bo w e n r atio meteorologic alstd,tio n. The airbo m e spectralm easur em e r[ts
w e re a cquir edof the v egetatio n s urr o und igthe Bo wen ratio n statio nto w ers･ Datefio m
the Bo w e n r atio station spr o vide estim ate s ofthe a n m 1alevapotr an Spiratio nin mm of
w ater. Perc entc o ver e stim ate sfordie Go shuteValleysite s w erm ade u sing apoint
■
c o u nt m e a s u rt3m entSin dle丘eld alongr a ndomlyorie ntedlinetr an s ects. Leafpoint
c o u rts W er eusedto e stim ate L Alalong pe rm a n e nt tr an se ctsflo wnin the Ow e n sValley.
Pe rc erltCover e stim ate sfo rtheBlythe sites wer e made using gridde pohtc o u r[ts m ade
o nthe a erialphotogr aphs acquir edatthetim e of the spectral data a cquisition ･
T he D G VIc alculatio n w a spe rfor medbyintegr atingthe丘rstderiv ative valu e s
obtained 丘o m the refle ctanc espectr a丘
･
o m6 80to754n m . The fir stde riv ativ evalue at
65 0n m w as s ubtr a cted 丘･o m the e a ch oftheintegr atedvalu es,providing alo cal ba s eline
c o rrectio n.
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3. Re stllts
Figu re3 sho w s si mple refle cta n ce spe ctra obtain ed 丘om the airborn e
m eastlre m e ntS･ D G V Ivalue s werehighlyc orr elatedto vegetation cov er, E Ta ndL AII
The relation shipbetw ee nDGⅥ and v egetatio nc ove r w asfo undtobelog-line ar(Figu r e
4), as was the relationshipbetw een D G ⅥandL Al伊igu re■5)･ D G Ⅵvalue sw e reline arly
relatedto E T(Figu re6).
4. Co m cltl Sion
A growingbodyofre s e a r ch indicates thathighspe ctralr e s olutio n re m ote se n sing
of the chlo rophyllred-edgeprovi de s sigmiAc a ntadv antage overtr aditio nalbr o adb and
re m ote s en singfo rthedete ctio nand m onito rlngOfthelo wle v els ofgre e n v egtatio n
pre s e ntinaridlands･ While s uch m e asllre m e ntS a re C u rr e ntlyr e strictedto airbo me o r
fields u r veys, satellite re mote s ensing withhighspectralres olutionis n e arly a r e ality, h
1997N A S Awi llaun ch the 血stspa c ebo m eim agmgspe ctr o mete rde signed fo rEarth
obs e rv atio ns(L E W IS). Itis anticipatedthat ther ewillapr oliferatio n ofs u ch syste m sin
the comingdec ade s･
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Figu re2･ Sketch m ap ofthe westem U S Ashowingthethree study sites.
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